Abstract. A subject of this paper is a real-time evaluation of the first-order backward difference of a measured signal with noise. It is wellknown that a difference evaluation strongly increase a noise amplitude so the signal prefiltering is necessary. A very short review of practically used filters is given. To perform the pre-filtering operation one mainly apply linear filters characterized by their impulse response shape: finite impulse response (FIR) and infinite impulse response (IIR). To enhance the filtering operation one successfully apply so called adaptive filters and these described by non-linear characteristics. In this paper a simple non-linear filtering algorithm is proposed and examined in the first-order backward difference of a measured signal.
Introduction
A subject of this paper is a real-time evaluation of the fist-order backward difference [3, 4] of a measured signal with noise. It is well-known that a difference evaluation strongly increase a noise amplitude [1, 6] so the signal pre-filtering is necessary. A very short review of practically used filters is given. To perform the prefiltering operation one mainly apply linear filters characterized by their impulse response shape: finite impulse response (FIR) [1, 2, 6] and infinite impulse response (IIR) [1, 2, 6, 7, 8] . To enhance the filtering operation one successfully apply so called adaptive filters [7, 8] and these described by non-linear characteristics. In this paper a simple non-linear filtering algorithm is proposed and examined in the first-order backward difference of a measured signal.
First-order backward difference
One considers a discrete-time series
The n th -order (n = 1, 2, . . . ) backward difference of series (1) is defined as
where
Linear filters
An infinite impulse response (IIR) is mainly described by linear, time invariant difference equation of the form
where:
put and output signals series.
Substitution of (2) into (3) yields an equivalent form of the linear, time invariant difference equations
Appropriate discrete IIR filter transfer function is of a form
A special case of (5) defines a finite impulse response (FIR) filter operating according to following formula
with a discrete transfer function
1.3 Adaptive filters [1, 6, 7, 8] In linear adaptive filters coefficients are functions of previous samples of fil-
and in a non-linear case linear difference equations (4) and (5) are replaced by 
Simple non-linear adaptive filter
The non-linear distance adaptive filter (NAF) algorithm minimizes a measure defined as
range, L -filter "order" (a number of past samples taken into account in filter output sample evaluation). On should note that for χ = 0.5 measure (9) is a classical Euclidian distance between the past sample and the evaluated one.
For χ < 0 in (9) one should put
to get similar measure. Realize that for χ = −0.5 one obtains the, so called, coulombian potential [5] produced 
First order-difference filtering steps
The block diagram displaying the filtering procedure consecutive steps is presented in Fig. 2 
Evaluation of the first orderdifference of a noised signal
Measured voltage signal is plotted in Fig. 3 . This is a step response of an electrical linear circuit (plant). In Fig. 4 the first-order backward differenceû (kh) evaluated according to formula (2) for u (kh) is given.
As F 1 (z) one considers two filters: FIR filter (7) with 
was applied toū2 (kh). The resulting signalȳ (kh) is presented in Fig. 5 . Finally,ȳ (kh) was filtered by filter
The output is denoted asỹ (kh) and plotted also in The NAF parameters could be optimized due to some additional criterion. Moreover, one can expect a strong influence of range function (14) on a filtering effects.
One should admit that the NAF real-time evaluation takes 
Filtering effects
To check the effects of the proposed filtering process one compare two signals: original one u(kh) and digitally integrated (summed) signalỹ(kh).
Both signals from (15) are plotted in Fig. 6 .
Another criterion of the filtering effects may be characteristic of magnitude discrete Bode plots obtained by fast 
Final conclusions
The filtering effect obtained in the example considered in 
